ABSTRACT Insect traps of different designs should sample some species more effectively than others. I used three different traps to survey longhorned beetles (Coleoptera: Cerambycidae) at 43 locations throughout the state of Indiana to test the prediction that these traps would sample different assemblages of cerambycids. Nonmetric multidimensional scaling revealed that, while there was little difference between the assemblages sampled by Lindgren multiple funnel traps and Intercept panel traps, window traps caught quite different assemblages. Several species of cerambycids that showed differences in trap efÞciencies seem to be differentially caught by different trap designs according to the nature of the larval host. These results can be used to plan monitoring according to the guild of the target beetles.
Studies of forest beetles commonly use a single type of insect trap to compare beetle assemblages in different areas or different treatments; the use of the same trapping regimen is of obvious importance in making such comparisons (Larsen and Forsyth 2005) . The use of multiple trap types, however, may allow for more representative sampling in cases where different species are sampled more efÞciently by different trap types. The most rigorous way to test the effects of different trap types is to use different traps concurrently in the same locations.
Different trap types are most efÞcient at catching different beetle species (Ché nier and Philogè ne 1989 , Peng and Williams 1991 , Williams et al. 1993 , Barbalat 1995 , de Groot and Nott 2003 ; thus, the assemblages caught with a single trap type can present a biased view of the species and abundances in an area. A greater understanding of how assemblages sampled by different traps or combinations of traps can beneÞt forest ecology studies and beetle survey work in general in several ways. Depending on the nature of the bias resulting from the trap, data from beetle captures may obscure ecological relationships in both qualitative and quantitative ways. Trap catches are usually assumed to consist of a sample that is representative of the beetle community present in an area. If species that are not sampled efÞciently by a particular trap design are abundant in the sampled area, the catch numbers are less likely to accurately represent the total abundances across species at study sites.
The differences in detection probability among trap designs can also be problematic for studies on a single species when data on incidence is collected. The probability of a species being detected is a product of its density and the trap efÞciency, along with other potential inßuences such intersite differences in activity. If the trapping efÞciency varies widely among different traps, the results of analyses such as logistic regression to detect factors inßuencing occurrence could be affected. This could result in a translation of the predicted relationship along the predictor variable axis according to the trap type used.
Although it is widely recognized that different traps are effective for different insect species (Ché nier and Philogè ne 1989, Barbalat 1995) , only a few studies have explicitly compared the speciÞc assemblages of beetles caught by different trap types in the same locations. The speciÞc objective of this study was to compare the assemblages of Cerambycidae caught by three different trap designs. I predicted that there would be differences among the trap designs in terms of their efÞciencies at capturing different species of longhorned beetles.
Materials and Methods
Cerambycidae Survey. I surveyed longhorned beetles at 43 forested sites throughout the state of Indiana (Fig. 1) . These sites were chosen to maximize the amount of pre-existing data on forest composition while attempting to represent most of the state. I therefore located sites where vegetation data were previously collected as part of the Upper Wabash Ecosystem Study (UWEP sites) by the Purdue Department of Forestry and Natural Resources, at Purdue University Agricultural Centers (PAC sites), or within Purdue research forests (PRF sites). At each site I randomly located a point within the forest at least 50 m from the nearest edge on digital air photographs in ArcGIS. At each site, my students and I set out four traps: two Lindgren multiple funnel traps (12-funnel size; Phero Tech, Delta, Canada; funnel trap or FT hereafter), one Intercept panel trap for bark beetles (Integrated Pest Management Tech, Portland, OR; panel trap or PT hereafter), and one multi-pane window trap (WT). Each trap was Ϸ10 m from the central point and randomly placed in one of the four cardinal directions from the central point. Multiple Lindgren funnel traps were set at each site for two reasons: (1) they are well established as effective for a variety of wood-borers and therefore should increase our ability to characterize the longhorned beetle assemblages at each of our sites and (2) having two traps of the same type at each location allows for an evaluation of variation in assemblages caught by a single trap type. When the traps were set up, one of the funnel traps was randomly designated as funnel trap number 1 (FT1) and the other was designated as number 2 (FT2). Traps were hung so that the bottoms were 1Ð 2 m from the ground using tree branches or rope. On each trap, we hung a 125-ml Nalgene bottle containing 60 ml of 99% ethanol that evaporated out of four 2-mm holes in the top.
The trapping surface of the multi-pane window traps consisted of two sheets of perpendicular clear plastic. Each of the four vanes of the trap was 0.6 by 0.3 m. We used plastic sheets to make a ßat rain cover and a large funnel (0.6 m diameter, 0.6 m high) for these traps. The rain cover and funnel were secured to the top and bottom of the window vanes, respectively, with copper wire Þtted through holes in the plastic. To avoid having materials such as screws or rivets going through the funnel and potentially interfering with beetles descending into the collection jar, we used duct tape to secure the collection jars to the bottom of the funnels. The collection jars were fashioned from 2-liter plastic bottles with the tops cut off. Although the surface area varies between the different trap designs, I did not take this into account because I am assuming that these traps are not passively sampling. Rather, the beetles are assumed to be responding to the ethanol lure (Montgomery and Wargo 1983) or the dark vertical silhouette of the trap (Lindgren 1983) .
All traps had several inches of ethylene glycol in the collection jar to kill and preserve the beetles. We added a few drops of liquid soap to the killing ßuid in each trap to limit surface tension. Approximately every 3.5 wk, we removed all insects from the traps by Þltering the ethylene glycol through a strainer. At each visit, we measured the ethanol remaining and reÞlled the lure container to 60 ml. All longhorned beetles were removed from the catch in the laboratory, pinned, and identiÞed using Yanega (1996) and occasionally Linsley (1962a Linsley ( , b, 1963 Linsley ( , 1964 and Chemsak (1972, 1976) . All specimens currently reside in a reference collection in the laboratory; voucher specimens will eventually be placed in the Purdue Entomological Research Collection. Sites were trapped for between 58 and 100 d over the summer and visited two to four times after the initial trap set up.
Data Analyses. I used regression analyses to examine possible effects of trapping effort (days out) and ethanol evaporation rate on the diversity, richness, and abundance of the longhorned beetles caught. I checked for differences in the evaporation rate of the ethanol between trap types with analysis of variance (ANOVA) and a post hoc Scheffé test, and used homogeneity of slopes analysis to see if this varied over the summer. Nonmetric multidimensional scaling (NMDS) tested for differences in species assemblages caught by different trap types with both Bray-Curtis (on square-root abundance) and 1-Jaccards (presence-absence) distance measures. Jaccards distance matrix was calculated with MVSP software (Kovach Computing Services 2003) . The NMDS analyses included all species caught. I used the ANOSIM (analysis of similarities) in Primer (Clarke and Gorley 2001) to test for differences in assemblages in different traps. ANOSIM tests for differences across a factor (trap type) by comparing the ratio of withingroup and between-group distances to a distribution of this ratio formed from random permutations of the data (Clarke and Gorley 2001; 999 permutations used) . To look at differences within species for capture in different trap types, I conducted one-way ANOVA on each species that was caught at more than Þve sites using Statistica (StatSoft 2005) . Catch abundances were Þrst relativized within sites (across the four traps) to control for effects of sampling effort and local habitat quality. The relativized abundances were arcsine-square root transformed to meet the assumptions of ANOVA. For each species, I only included sites in the ANOVA if the species was caught in at least one of the traps at that site. I did this to avoid including sites where the species does not occur. While this step carries an assumption of exhaustive sampling, the reduction in variance caused by the exclusion of data from sites inappropriate for particular species warranted its use in this case. I applied a conservative Bonferroni correction for multiple tests (Legendre and Legendre 1998) in determining which species were differentially caught by different traps and would be subsequently tested with a Scheffé post hoc multiple comparisons test.
Results
We caught 1,455 longhorned beetle individuals representing 63 different species. Twenty-four species were caught at more than Þve sites. The rate of ethanol evaporation varied by trap type (df ϭ 3,469, F ϭ 27.4, P Ͻ 0.00001), but not between the paired funnel traps (Fig. 2) , with FT1 ϭ FT2 Ͼ PT Ͼ WT. For all evaporation analyses, I omitted data from bottles that were obviously tampered with by, or lost to, wildlife. The rates of evaporation showed a gradual decline over the summer (Fig. 3) , but the homogeneity of slopes analysis showed that the rate of change in the evaporation rate was the same for all trap types (trap type Ð date interaction parameter: df ϭ 3, F ϭ 0.5815, P ϭ 0.6274). To ensure that the ethanol was not diluted by adsorption of water vapor or introduction of rain water into the lure bottles, I measured the speciÞc gravity of the ethanol in the lure bottles at the end of the season. Measurement of the speciÞc gravity was only done once from a container Þlled with the ethanol remaining at the end of the season from many (Ϸ17) sites. The speciÞc gravity was 0.789, the same as that of pure ethanol (CRC 1991), indicating that it had not been diluted. The mean evaporation rate at each trap was only very weakly related to the number of longhorned beetles caught (df ϭ 161, F ϭ 3.193, P ϭ 0.058, R 2 ϭ 0.0194). Despite the large range in the days each site was trapped, there was only a weak and nonsigniÞcant linear relationship between the trapping effort and the overall number of longhorned beetles caught at a site (df ϭ 41, F ϭ 1.818, P ϭ 0.185, R 2 ϭ 0.0425). The trapping effort and mean ethanol evaporation did not have appreciable effects on the abundance of beetles caught; therefore, I did not include these as covariates in subsequent analyses.
Two traps were extreme outliers in the initial NMDS analyses; distances between these traps and the rest of the traps dominated the distance-space. These two traps (one FT and one WT) caught only single individuals of rare species and were removed from the analyses. The NMDS revealed that funnel trap one and funnel trap two were capturing very similar assemblages of longhorned beetles, as expected. The panel trap communities largely overlapped the funnel trap assemblages. The window traps seemed to be catching different communities than the other trap types (Fig. 4A) . These trends were driven by differences in the species caught and not just by different relative abundances within species, as shown by the NMDS based on the 1-Jaccard distance (Fig. 4B) . The ANOSIM analyses conÞrmed what Fig. 4 seemed to indicateÑthat the window traps were catching different assemblages than the other traps and that there was no difference between FT1, FT2, and the panel traps. Table 1 shows the ANOSIM results for the Bray-Curtis similarity analyses; results for the Jaccards similarity were very similar.
The ANOVA analyses revealed seven species with signiÞcant differences in the number of individuals caught by the different traps at the conservative ␣ value of 0.00125 (Table 2) . Post hoc Scheffé tests revealed the signiÞcant differences in capture by trap design for the seven species (Fig. 5) . Two species, Cyrtophorus verrucosus (Olivier) and Neoclytus a. acuminatus (Fabricius), had ANOVA P values of 0.003 Ͻ P Ͻ 0.00125. While these results are not statistically signiÞcant because of the large number of species we tested and the resulting Bonferroni correction, I include them in Fig. 5 to show an important trend. As expected, there was no difference in the relative number of individuals caught between the two funnel traps for any species.
The duct tape used to hold the collecting jars onto the bottom of the window trap funnels tended to fail during the latter part of the season if the jars become full of rainwater. All samples from containers that fell were removed from the analyses. Screws or rivets used to hold the container to these types of traps, although they will extend into the interior surface of the funnel (which hangs below the trapping window surface), are likely a better option in areas subject to heavy rain.
Discussion
The different trap designs used in our study did trap different assemblages of longhorned beetles from the same locations. Despite using a very conservative signiÞcance threshold of P ϭ 0.00125, several species showed differential abundance in among the different traps (Fig. 5) . Although the differences in the amount of ethanol evaporated from the different trap designs was statistically signiÞcant, these differences are not likely large enough to be driving the different species assemblages caught. It is more likely that some aspect of the trap itself is more likely responsible.
The results plots in Fig. 5 are not arranged randomly. The three species in the left column [Analeptura lineola (Say), Strangalia luteicornis (Fabricius), and Typocerus v. velutinus (Olivier)] were caught almost entirely by the window traps. These three species all develop with downed decaying wood. The larvae do not develop within standing trees; therefore, there would be no reason for them to be differentially attracted to dark vertical silhouettes such as that presented by the panel and funnel traps (Lindgren 1983) . These species were likely attracted to the ethanol alone. The extremely low trapping efÞciency of the funnel and panel traps suggests that A. lineola, S. luteicornis, and T. v. velutinus may be avoiding these traps. Cerambycidae species that develop in downed wood will move through the forest by ßying around standing trees; dark vertical trap outlines may be perceived simply as another obstacle to ßy around. Although they may alight on trees for some activities, they are probably less likely to do so than are species that seek out standing trees for mating and oviposition. While it would be expected that they ßy around trees regularly under natural conditions, the effect this has on trap efÞciency for such species should be examined with behavioral studies of individuals following scent plumes. Adult beetles would be expected to search for very speciÞc host conditions because the larvae have speciÞc host condition requirements but are conÞned to the tree or log on which they are deposited as eggs (Hanks 1999) . The three species in the right column of Fig. 5 all develop in standing wood that is either living, under (Fabricius) ] all develop in dead or weakened wood that may be standing or down. In reality, there is not a clear division between this category and the preceding group, but the two groups were based on host material descriptions from the literature and so this is at least a somewhat objective way to group the species. All three of these species were caught more in the funnel traps than in the window traps. The abundances caught by the panel trap are either similar to the window trap or intermediate between the window and funnel traps.
Overall, the different trap designs did catch different assemblages of species of longhorned beetles. While the majority of species (15 of the 24 examined) showed no difference in trap captures across different trap designs, some species show strong afÞnities for a particular design. It seems likely that the type of larval host material is determining the best trap for these other nine species. While the qualitative correlation I draw between larval host and the most efÞcient trap design is post hoc conjecture that should be more rigorously tested in the future, the species in Fig. 5 do show differences in catch efÞciencies by trap design. These results can help inform future trapping studies for xylophagous beetles. Researchers interested only in species that develop within living trees (economic pest species for example) can likely use only traps such as the Lindgren multiple funnel trap and the panel trap for bark beetles to obtain an adequate sample of their target species. In fact, using additional window traps may not add much additional useful data, but could destructively sample nonpest species that are performing an ecosystem service by reducing dead wood in the forest (Gutowski 1987 ). Researchers trying to obtain a representative sample of the entire suite of longhorned beetle species in an area will be better served by using a variety of trap designs to capture species with differing life histories.
